Lichens are known to be more sensitive indicators of ecosystem functioning and disturbances than any other cryptogams and vascular plant communities. Himalayan habitats, despite their stressed climates, harbor some of the unique biodiversity of the region, vital for overall ecosystem functioning and stability. Lichens, due to their desiccation tolerance, are able to survive in high altitude habitats and evolved into diverse categories and functional groups. Present study examines the terricolous lichen community in Chopta-Tungnath temperatealpine grassland of Garhwal Himalaya, in order to identify potential elements (species/growth form) as indicator of anthropogenic disturbances. Terricolous lichens were sampled from twelve sites distributed in three stratified macrohabitats, along increasing altitudinal gradient. A total of twenty soil lichen species belonging to ten genera, six families and four morphological groups (i.e. leprose, foliose, dimorphic and fruticose) were identified.
Introduction
Lichens, a symbiotic amalgamation between a fungus (mycobiont) and an alga (phycobiont) or cyanobacteria (cyanobiont), are among the most significant indicators of ecosystem functioning as they are more sensitive towards habitat alteration and climate change than other cryptogams and vascular plant forms (Wolseley et al. 1994; Herk et al. 2002 , Bokhorst et al. 2007 Saipunkaew et al. 2007) . Soil inhabiting terricolous lichens are good indicator of ecosystem functioning (Will-Wolf et al. 2002) and their requirement of greater environmental stability make them highly sensitive indicators of overall ecosystem functioning and various environmental disturbances (Grabherr 1982; Eldridge and Tozer 1997; Scutari et al. 2004; Lalley and Viles 2005; Lalley et al. 2006) .
India is a rich centre of lichen biodiversity, harboring nearly 15% of total global lichen flora (Singh and Sinha 1997; Upreti 1998) . Terricolous lichens constitute about 9% of total lichen species recorded from India and their distribution ranges from temperate (1500-3000 m asl) to alpine (>3000 m asl) Botanica Orientalis -Journal of Plant Science (2011) 8: [16] [17] [18] [19] [20] [21] [22] [23] ISSN 1726-6858 doi: http://dx.doi.org/10. 3126/botor.v8i0.5554 habitats of the Himalayas. Major distribution of terricolous lichens in Himalaya is confined to alpine pastures locally known as Bugyals. There have been various monographic, revisionary and floristic studies on lichens for last five decades (Awasthi 1988 (Awasthi , 1991 (Awasthi , 2007 Upreti and Büdel 1990; Upreti and Negi 1998) . However, community level investigations have recently begun but there is still lack of consideration of terricolous lichens as an indicator group (Negi and Gadgil 1996; Negi 2000 a, b; Negi and Upreti 2000; Pinokiyo et al. 2008) . Grazing, tourism and unconstrained forest management are affecting the overall biodiversity of the Himalayan habitats.
The main threats applicable to biodiversity, in general, are also true for lichens e.g., habitat degradation, fragmentation and loss, over exploitation, species invasions and climate change (Scheidegger and Werth 2009) . Lichen population in the Indian Himalayas is threatened by uncontrolled livestock grazing, over exploitation and habitat destruction.
There are some sporadic studies on climate change and grazing pressures in Indian Himalayan temperate and alpine habitats, but they lack any reference of lichens (Nautiyal et al. 2004) . In the present study, distribution of terricolous lichens in a temperate-alpine habitat of Garhwal Himalayas is analysed along an altitudinal gradient to assess their indicator capability for habitat disturbances.
Materials and Methods

STUDY AREA
Chopta-Tungnath lies between 30°28'39"-30°29'51" N latitude and 79°12'9" to 79°13'21" E longitude in the Garhwal November to April. Snowmelt occurs during April and May, providing an abundance of soil water prior to the monsoon period.
Maximum rainfall is recorded in July-August (Figure 2) (Nautiyal et al. 2001) . The maximum monthly temperature in the area varies from 19°C to 37°C in the months of May to October, while the minimum temperature as low as -15°C is recorded at the alpine grasslands during the months of December to February (Negi 2000 a) . The higher plant vegetation of the study area is broadly classified as temperate mixed oak and coniferous forests through subalpine forest to alpine scrub or grassland along the altitude gradient (Gadgil and Meher-Homji 1990) .
The land use by the local human population is mainly confined to semipastoral mode of agriculture based mainly on livestock grazing, agriculture, and forest produce (fodder and fuel) collection from the oak-rhododendron woodlands. In addition, land around the Tungnath shrine and at Chopta is occupied for religious purpose during the pilgrimage season.
Livestock grazing activities peaks during summer (MayOctober). About 4000-5000 sheep and goats, 50-70 buffalos and 30-40 horses and mules reach in the alpine pastures each year exerting heavy grazing pressure (Nautiyal et al. 2004) . (Table 1) . These macro-habitats were further delimited by gradients of geomorphology and anthropogenic disturbances (Table 1) .
A total of twelve sites were selected from three macrohabitats (Table 1, Figure 3 ). As the study area is subjected to frequent trampling by grazing livestock, native human population and tourists' movement, site selection was constrained by the availability of lichen-rich patches in the landscape.
Narrow frequency grid of 10 cm × 50 cm, divided into five sampling units of 10 cm × 10 cm each was used for lichen sampling (Scheidegger et al. 2002) . Three such grids were laid at each of the sampling sites, thus total fifteen 10 cm × 10 cm sampling units were laid at each sampling site. Elevation was measured with a GPS (Garmin GPS 76S).
Collected lichen samples were examined and identified at Lichenology Laboratory, National Botanical Research Institute, Lucknow, Uttar Pradesh, India. Lichens were identified at the species level using a stereomicroscope and light microscope morpho-anatomically, using relevant keys and monographs (Ahti 2000; Awasthi 2007; Saag et al. 2009) and chemically with the help of spot tests, UV light and standardized thin-layer chromatography (Elix et al. 1993 ; Table 1 for abbreviations). Orange et al. 2001) . Specimens were deposited at the lichen herbarium (LWG), National Botanical Research Institute (NBRI), Lucknow, Uttar Pradesh, India. Data regarding to lichen species richness at all collection sites of three macrohabitats and their growth form diversity were documented carefully. Livestock grazing was considered as the parameter of anthropogenic disturbance and number of heard recorded at each sampling site was taken as its measure (Table 1) .
DATA ANALYSIS
Terricolous lichen assemblage was quantitatively analysed for frequency, species richness (number of species) and growth form diversity in each site (Curtis and McIntosh 1950; Pinokiyo et al. 2008; Rai et al 2011) . Pearson's correlation coefficients were calculated between altitude, species richness and growth form diversity of terricolous lichen community using SPSS version 17 (known as Predictive Analytics Software, PASW).
Results
AVERAGE COMMUNITY STRUCTURE AND PATTERNS
Terricolous lichen assemblages recorded from the twelve sites in the Chopta-Tungnath landscape consisted of total 20 species belonging to ten genera and five families (Table 2) .
Terricolous lichens were found in 57 out of the 180 sampling units laid (Table 2 ). There were substantial differences in Table 2 . Frequency and richness of terricolous lichen species recorded in the sampling sites* of three macro-habitats † in Chopta-Tungnath landscape.
* Sites: see Table 1 for detail; x = species present in the site with low frequency, D1 = dominant species within macro-habitat, D2 = primary co-dominant species within macro-habitat, D3 = secondary co-dominant species within macro-habitat, values in parentheses are frequency of species for each site. ‡ Morphological group: Lp = leprose, Fo = foliose, Fr = fruticose, Dm = dimorphic. † Macro-habitats: ORMF = Oak-rhododendron mixed forest, RMSF = rhododendron-rich middle altitude subalpine forest, HAGL = higher altitude alpine grassland.
species constitution and abundance between various sites (Table 2) . Among the three macro-habitats, the sites in lower altitude (ORMF , 2700-3000 m asl) macro-habitat harbored the larger number of species than the sites in mid-(RMSF, 3000-3400 m asl) and high altitude (HAGL, >3400 m asl) macro-habitats (Table 2, Figure 4 ). Cladoniaceae and Stereocaulaceae were the dominant families, followed by Parmeliaceae, Pysciaceae and Ramalinaceae (Table 2) . Four growth forms: leprose, foliose, fruticose and dimorphic (squamules as primary thallus bearing erect fruticose body as secondary thallus) were encountered in the terricolous lichen community of the landscape (Table 2 ).
Terricolous lichen species showed restricted distribution.
Majority of sampling units consisted of single lichen species per unit. Only three species, Cladonia coccifera, Cladonia pyxidata and Stereocaulon foliolosum occurred in five sites;
whereas twelve species (60%) were confined to single site (Table 2) . Cladonia scabriuscula was recorded exclusively from one site, in high altitude macrohabitat (HAGL).
CORRELATION ANALYSIS
There was significant negative relationship between terricolous lichen species richness and altitude (r = -0.700; p< 0.05), indicating a gradual decrease in terricolous lichen species richness with increasing altitude (Table 3) . Species richness of leprose (r = -0.585; p< 0.05) and fruticose (r = -0.808; p< 0.01) growth forms were also found negatively correlated with altitude (Table 3) . Anthropogenic disturbance, recorded as number of livestock heard at each sampling sites (Table 1) , was significantly correlated with richness of dimorphic growth forms (r = -0.641; p< 0.05), but with richness of other growth forms the relationship was not significant (Table 3) .
Discussion
High altitude ecosystems and associated vegetation are usually considered as fragile and sensitive to human impacts (Grabherr 1982) . Although soil is the major substrate for terricolous lichen growth in the Chopta-Tungnath, the landscape harbors fewer lichen species than the rock and wood relevés (Negi 2000a ). This disparity can be attributed to the instability of the terrestrial niche due to anthropogenic pressures, like livestock grazing (Motiejûnaitë and Faùtynowicz 2005) . The Table 1 for abbreviations).
gradual decrease of terricolous lichen species richness in the study area is determined both by grazing pressure, which initiates from lower altitude macro-habitat (ORMF, 2700-3000 m asl) and maximizes in mid-altitude macro-habitat (RMSF, 3000-3400 m asl) and by decreasing soil cover, which becomes limiting factor at higher (HAGL, >3400 m) altitudes. Table 3 . Pearson's correlation coefficients for selected variables (significant correlations are tagged).
*Correlation is significant at the 0.05 level (2-tailed).
**Correlation is significant at the 0.01 level (2-tailed).
Variatbles: Alt = altitude, SPN = total number of species of terricolous lichens, Lp = species richness of leprose growth form, Fo = species richness of foliose growth form, Dm = species richness of dimorphic growth form, Fr = species richness of fruticose growth forms, Tr = number of livestock heard recorded at each sampling site.
